We introduce vacuum ultraviolet (VUV) photolysis at 172 nm as a more efficient process for bromate and chlorate removal than conventional ultraviolet (UV) photolysis at 254 nm. We discuss the effects of pH and coexisting salts on VUV photolysis. In experiments at various pH levels, the VUV photolysis performance decreased in the alkaline region for pH above 7. Furthermore, nitrate and inorganic carbon compromised the performance, probably owing to the generation of active oxidant species (such as hydroxyl radicals and carbonate radicals) during the photolysis. However, photochemical experiments conducted in pure water revealed that VUV photolysis is 4.1-fold more energy efficient than UV photolysis using a low-pressure mercury lamp. Although the performance of VUV photolysis in tap water was about 40% less efficient than that in pure water, mainly owing to the presence of bicarbonate ions, the performance was still higher than that of UV photolysis in pure water. However, VUV photolysis may not be feasible in tap water with a high concentration of nitrate ions, because nitrate produces a stronger inhibition effect than other salts.
INTRODUCTION

Bromate (BrO
Biological remediation also requires the addition of chemicals such as hydrogen gas (Nerenberg & Rittmann ) and/or organic compounds (Hijnen et (). We also discuss the effects of pH and coexisting substances on VUV photolysis. Furthermore, conventional UV photolysis using a low-pressure mercury lamp has also been conducted for comparison, because low-pressure mercury lamps are conventionally used for the disinfection of potable water.
MATERIAL AND METHODS
Photochemical reactor
The photochemical reactor was composed of a glass beaker with a volume of 3 L and an UV lamp with a length of 120 mm, which was installed at the center of the beaker.
Two UV lamp types were used. One was an excited xenon dimer lamp (excimer lamp; 172/120Z, Heraeus, Germany), which consumed 20 W of electric power and mainly emitted VUV light at the wavelength of 172 nm. The total irradiance at 172 nm, measured by using a VUV sensor (VUV-S172, Ushio, Japan), was 5.7 W. The second type was a lowpressure mercury UV lamp (UVL20PH-6, SEN Lights, Japan), which consumed 20 W of electric power and mainly emitted 254 nm of UV light. The VUV light at 185 nm was cut off by a water jacket around the UV lamp.
The total irradiance at 254 nm measured by using a UV sensor (UVD-S254, Ushio, Japan) was 4.3 W. Two liters of BrO À 3 or ClO À 3 contaminated water was treated in this reactor for 60 minutes. The contaminated water was continuously mixed by using a magnetic stirrer (CT-3, As One, Japan) during the photolysis.
Contaminated water
Potassium salts and deionized water were used for preparing BrO 
Chemical analysis
The concentrations of BrO À 3 and other anions were determined by using ion chromatography coupled with a postcolumn system (DX-500 with BRS-500, Dionex, USA), but the post-column system was not used when the BrO À 3 concentration was above 100 μg/L. Analytical conditions were as follows. Column: Dionex IonPac AS12A with a suppressor (Dionex ASRS-ULTRA 4 mm); mobile phase: aqueous solution with 2.7 mM Na 2 CO 3 and 0.3 mM NaHCO 3 ; flow rate: 1.0 mL/min; sample injection volume: 100 μL; 
RESULTS AND DISCUSSION
Effect of pH on VUV photolysis Figure 1 shows the temporal changes in BrO 
where C is the contaminant concentration, C 0 is the initial con- ]. These kinetics were similar to the BrO À 3 decomposition kinetics under UV light from low-pressure mercury lamps (Phillip et al. ) . Figure 3 summarizes the pseudo-first-order degradation rate constants of BrO , because the degradation rate constant in the presence of sodium sulfate (Na 2 SO 4 ) or sodium dihydrogen phosphate (NaH 2 PO 4 ) did not differ from that obtained in the control experiment. Consequently, the inhibition of photolysis in alkaline pH was not caused by sodium ions that were used for pH control.
Contrary to Na 2 SO 4 and NaH 2 PO 4 , the presence of sodium nitrate (NaNO 3 ) and sodium bicarbonate (NaHCO 3 ) significantly inhibited the photolysis of BrO Comparison of VUV photolysis with UV photolysis Figure 5 shows changes in BrO À 3 concentrations during VUV and UV photolyses. Both lamps successfully degraded BrO À 3 . However, the degradation rate constant in VUV photolysis was 4.1 times higher than that in UV photolysis, although the electrical input to both lamps was the same.
Consequently, VUV photolysis was potentially more energy efficient than the conventional UV photolysis, judged on the basis of both the electrical input and total irradiance. The numerical values correspond to the pseudo-first-order degradation rate constants, calculated based on the common logarithm. 
VUV photolysis in tap water
VUV photolysis of BrO
CONCLUSIONS
The efficacy of VUV photolysis at 172 nm for BrO 
